According to the problem-solving framework of executive functions, the first step is to construct a problem space, i.e., the representation of the problem and its possible solutions. We explored how different problem spaces affect students' proportional reasoning. Proportional reasoning is important in school and in everyday life. It involves the comparison of ratios and is known to be difficult. Previous studies have shown that difficulties in proportional reasoning may stem from the interference of the automatic comparison of the salient natural numbers that comprise the ratios. We designed two equivalent comparison of ratios tests that were visually very similar, the Drops test and the Juice test. In the Drops test, tenth graders were asked to compare the intensity of color of mixtures of red and white paint drops. In the Juice test, they were asked to compare the amount of juice each child receives when equally dividing the contents of cups of juice among children in each group. The Juice test was aimed at presenting the task in a mode leading to a problem space that directs students to calculate "rate per unit," thereby reducing the interference of the automatic comparison of the salient natural numbers. The findings indicated that success in the Juice test was higher than in the Drops test. Moreover, success in the Drops test was higher when performed after the Juice test. The current study suggests using modes of presentation that lead to problem spaces that direct students to use appropriate solution strategies, hence aiding them in overcoming difficulties. Using modes or orders of presentation could serve as important tools for educators in science and mathematics and could lead to higher academic achievements among their students.
Introduction
Executive functions play a significant role in problem solving. The problem-solving framework of executive functions identifies four temporally distinct phases (Zelazo et al., 1997) : representation, planning, execution, and evaluation. The first step in solving a problem is constructing a problem space. The problem space is the representation of the problem and its possible solutions. Studies in science and mathematics education have shown that students' performance is affected by the way in which problems are presented (e.g., Clement, 1993; Elia, Gagatsis, & Demetriou, 2007; Martin & Schwartz, 2014; Stavy & Berkovitz, 1980; Tirosh & Tsamir, 1996; Tsamir, 2003) . Stavy (1991) studied conservation of matter by students, for example, using two presentation modes, showing that students correctly conserved weight when a colorful gas (iodine) was evaporated in a closed test tube but not when a colorless gas (acetone) was used (58 % vs. 13 %). It seems that when iodine was evaporated the created problem space supported students' appropriate solution strategies. These findings raised the possibility of improving students' performance in the colorless gas (acetone) conservation of weight task by first presenting the colorful gas (iodine) conservation of weight task, which supports appropriate solution strategies. Indeed, performance in the acetone conservation of weight task was found to be significantly higher (44 %) when it followed the iodine conservation of weight task.
Performance in the comparison of perimeters task in two modes of presentation was recently explored (Babai, Nattiv, & Stavy, 2016) . In the comparison of perimeters task it was previously shown that the irrelevant salient variable area interferes with students' reasoning about the relevant variable, perimeter. In one mode of presentation, the perimeters of the geometrical shapes were drawn continuously (continuous mode of presentation). In the other mode they were drawn as built from separate units, matchsticks (discrete mode of presentation). It was found that success in the discrete mode of presentation was higher than in the continuous mode. Moreover, success in the continuous mode increased as a result of previously performing the task in the discrete mode. It was suggested that the problem space created by the discrete mode of presentation led students to appropriate solution strategies, such as moving of segments and/or counting them. The study indicated that altering the mode or order of presentation could serve as an educational tool that might improve students' performance. The current study focuses on a comparison of ratios task, known to be difficult for many students. We presented the task using two modes of presentation that lead to different problem spaces and hence to different solution strategies. We ask whether the mode of presentation affects students' performance in comparing ratios. Previous research has found that in comparison of ratios, much like in the comparison of perimeters, salient variables interfered with students' reasoning.
Proportional reasoning is the ability to compare quantities multiplicatively using ratios and numerical constructs such as fractions. It involves the use of ratios in the comparison of quantities and requires the understanding of direct and inverse relations. It is needed in many science disciplines, when calculating, for example, concentrations, probabilities, densities, velocities, and currents, and is used in mathematics for geometry and algebra. Finally, everyday life financial and purchasing decisions require its use.
Research has shown that proportional reasoning is difficult for many students and adults (e.g., Gómez et al., 2015; Inhelder & Piaget, 1958; Karplus, Pulos, & Stage 1983; Lamon, 2007; Moss & Case, 1999; Ni & Zhou, 2005; Noelting, 1980a Noelting, , 1980b Reiss et al., 1985; Siegler, 1976) . The following example demonstrates a common difficulty associated with comparison of ratios. Adolescents were presented with two boxes (Box A containing 3 black balls and 1 white ball, and Box B containing 6 black balls and 2 white balls) and asked to decide if they were more likely to pick a black ball from one of the two boxes, without looking, or if the chance was equal (Green, 1983) . The most common response was incorrect, Box B. According to Stavy and Tirosh (2000) , this response reflects interference of the salient number of black balls, with formal/logical reasoning. The findings suggest that participants compare the number of black balls in each box instead of calculating the ratios between the number of black and white balls. Comparison of numbers is known as an automatic intuitive process (e.g., Dehaene, 2011) . It should be noted that such interference of natural numbers was also observed when using symbolic notations of ratios (like fractions) in several behavioral (Bonato et al., 2007; Kallai & Tzelgov, 2009; Meert, Grégoire, & Noël, 2009; Vamvakoussi, Van Dooren, & Verschaffel, 2012) and brain-imaging studies (Ischebeck, Schocke, & Delazer, 2009; Stavy, Babai, & Kallai, 2016) .
In general, Fischbein (1987) who studied the role of intuition in science and mathematics claimed that some of students' erroneous responses could arise from intuitive reasoning. Recently, it has been suggested that students' difficulties in science and mathematics could stem from the interference of salient (intuitively, automatically processed) irrelevant variables with formal/logical reasoning (e.g., Stavy & Babai, 2008 , 2010 . Apparently, certain variables of the task are so salient that they are automatically processed and thus interfere with correct reasoning.
To explore intuitive interference in comparison of ratios, a nonsymbolic reaction time comparison of probabilities task that included congruent and incongruent trials (see Figure 1 ) was designed (Babai et al., 2006) . In congruent trials there was no intuitive interference, as one box had a larger number of black balls and a higher probability of picking a black ball. In incongruent trials there was interference, as one box had a larger number of black balls, but a lower probability of picking a black ball. Findings showed that high school students' accuracy of responses in congruent trials was significantly higher than in incongruent ones. Reaction time of correct responses (RTC) in congruent trials was significantly shorter than in incongruent ones (Babai et al., 2006) . It was suggested that when the automatic comparison of the number of black balls and that of the probability of picking a black ball resulted in the same conclusion as in congruent trials, students answered correctly and quickly. When the outcome was two different conclusions, a conflict was created. Resolving this conflict was found to be a demanding and a time-consuming process.
Recently, comparison of ratios was studied using reaction time methodology and fMRI brain-imaging . Participants in this study were asked to decide which of two mixtures of red and white paint drops (presented in Arabic numerals) was darker. The findings of this study suggested that intuitive automatic comparison of natural numbers supports or suppresses the comparison of ratios as a function of congruity and salience. These findings indicated that participants attend to and compare the natural numbers that comprise the ratios, as was found in previous behavioral and brain-imaging studies dealing with fractions (e.g., Bonato et al., 2007; Ischebeck et al., 2009; Kallai & Tzelgov, 2009; Meert et al., 2009) . Stavy and her colleagues (2016) suggested that interference of the intuitive automatic comparison of natural numbers when solving comparison of ratios problems might be reduced by directing students to choose an appropriate solution strategy, for example to calculate "rate per unit" ratios. Based on the problem-solving framework of executive functions (Zelazo et al., 1997) , the current study aims to explore whether creating a different problem space that directs students to calculate "rate per unit" ratios in presentation of the task would improve their performance.
For the current study we designed two equivalent comparison of ratios tests. Both tests were presented nonsymbolically and were visually very similar. In one test, the Drops test, students were asked to compare the intensity of color of mixtures of red and white paint drops, i.e., to judge whether the right mixture was darker, the left mixture was darker, or the two mixtures were equally dark (as done previously by Stavy et al., 2016) . In the second test, the Juice test, students were asked to compare the amount of juice each child receives when equally dividing the contents of cups of juice among children in each group, i.e., to judge whether the amount of juice each child in the right group receives is larger, the amount of juice each child in the left group receives is larger, or the amount of juice each child in both groups receives is equal. Figure 2 depicts equivalent trials (direct ratio) as presented in the Drops and Juice tests. The comparison of ratios task, when presented in the Juice test (Figure 2A ), rather than in the Drops test ( Figure 2B ), is likely to direct students to calculate "rate per unit," thereby reducing the interference caused by the automatic comparison of natural numbers. This may improve students' performance in comparison of ratios trial types in which there is intuitive interference.
Figure 2. Equivalent comparison of ratios trials, presented in the Drops test (A) and in the Juice test (B)
It was previously suggested that both congruity and salience affect performance in comparison of ratios trials . We therefore expected that the automatic comparison of natural numbers (e.g., number of red drops/juice cups) would interfere with proportional reasoning in the incongruent condition. In addition, we expect that decreasing the level of salience of the number of red drops/juice cups in the congruent condition will interfere with participants' performance in the task. Figure 3 depicts the different trial types that were used in the current study (in the Drops test form).
With respect to congruity:
In congruent trials, in the Drops test, the mixture with the larger number of red drops is darker; in the Juice test, each child from the group that has a larger number of juice cups receives a larger amount of juice.
In incongruent trials, in the Drops test, the mixture with the larger number of red drops is equally as dark as the other; in the Juice test, each child from the group that has a larger number of juice cups receives an equal amount of juice as each child from the other group.
Comparison between congruent ( Figure 3A ) and incongruent ( Figure 3B ) trial types in each test will enable us to explore whether presenting the Juice test that directs students to calculate "rate per unit" ratios reduces the congruity effect and improves students' performance in incongruent trials. In order to explore the effect of congruity, in both congruent ( Figure 3A ) and incongruent ( Figure 3B ) conditions the level of salience is the same -emphasized salience (see below).
With respect to salience:
In congruent emphasized salience trials, in the Drops test, the difference in the number of red drops is larger than the difference in the number of white drops; in the Juice test, the difference in the number of juice cups is larger than the difference in the number of children.
In congruent nonemphasized salience trials, in the Drops test, the difference in the number of red drops is equal to the difference in the number of white drops; in the Juice test, the difference in the number of juice cups is equal to the difference in the number of children.
Decreasing the level of salience of the number of red drops/juice cups in the congruent condition, by making the difference between the number of red drops equal to the difference between the number of white drops (and likewise for juice cups and children) would not support the correct response and would probably interfere with participants' performance in the task.
Comparison between congruent emphasized ( Figure 3A ) and congruent nonemphasized ( Figure 3C ) trial types in each test will enable us to explore whether presenting the Juice test that directs students to calculate "rate per unit" ratios reduces the salience effect and improves students' performance in the nonemphasized congruent trials. In order to explore the effect of salience, both emphasized and nonemphasized salience conditions are congruent.
It should be noted that it is irrelevant to include incongruent nonemphasized trials in our study, as answering such trials (e. g., 2 red, 2 white in Box A; 5 red, 5 white in Box B) does not actually require proportional reasoning.
The current study is based on the problem-solving framework of executive functions and on our view that students' difficulties may stem from intuitive interference of salient variables. The comparison of ratios task was presented in two modes of presentation that might lead to different problem spaces and hence direct different solution strategies. We hypothesized that a presentation mode that directed students to calculate "rate per unit" (the Juice test) would reduce the interference caused by the automatic comparison of natural numbers and result in better performance. In the current study we explored whether the Juice test would yield a higher success rate than would the Drops test among tenth graders. Moreover, following up on the recent study of Babai and his colleagues (2016), we investigated whether an intervention of previously performing the Juice test, which is visually very similar to the Drops test, would improve students' success in a subsequent Drops test. 
Methodology

Participants
A total of 69 tenth-grade students from one high school in central Israel were randomly assigned to the Drops and Juice tests (33 and 36 students participated in each of the tests, respectively). Students who performed the Drops test as a first test later performed the Juice test as a second test, and vice versa.
As mastering both direct and inverse ratio trial types is required for proportional reasoning, we included in the analysis students with accuracy of responses of 80 % and above in both direct and inverse ratio trials in the first test. The final sample comprised 24 students who performed the Drops test as a first test (their mean accuracy for direct and inverse ratio trails was 93 % and 94 % respectively; mean RTC was 2530 and 3047 milliseconds respectively) and 25 students who performed the Juice test as a first test (their mean accuracy for direct and inverse ratio trails was 91 % and 95 % respectively; mean RTC was 2730 and 3351 milliseconds respectively).
Comparison of ratios task-Drops test
The computerized comparison of ratios reaction time task was presented in two modes, Drops test and Juice test, which were visually very similar (see Figure 2 ).
In the Drops test each trial presented two boxes on a grey background. Each box contained red and white circles representing, respectively, red and white paint drops. Participants were informed that in each box the drops of paint were mixed, and they were asked to compare the intensity of color in the resulting mixtures, i.e., to judge whether the right mixture was darker, the left mixture was darker, or the two mixtures were equally dark. Participants were asked to answer correctly and as rapidly as they could. Each trial was presented on the screen until the participant responded, "left mixture" by pressing the F-key, "right mixture" by pressing the J-key, or "equally dark" by pressing the space bar.
There were 30 relevant experimental trials in the test (15 pairs of ratios that were horizontally switched): 10 congruent emphasized salience, 10 incongruent emphasized salience, and 10 congruent nonemphasized salience (see Figure 3 ). In addition, there were 10 direct ratio and 10 inverse ratio trials (10 pairs of ratios that were horizontally switched). Success in these trials was used as a criterion to select the participants for analysis in the current study (see the Participants section). In addition, there were 30 irrelevant trials. These irrelevant trials belonged to conditions that were not analyzed as part of the current study (for example, trials that contained an equal number of red and white paint drops). The number of red and white paint drops in each mixture ranged from one to seven. The trials were presented on a computer screen in a pseudorandom order. At the start of the test, participants were presented with eight trials, different from the experimental ones, in order to familiarize them with the task and the experimental setting. Accuracy and reaction time were recorded for each response. Students who performed the Drops test as a first test later performed the Juice test.
Comparison of ratios task-Juice test
The Juice test was visually very similar to the Drops test (see Figure 2 ). Identical ratios were presented in both tests and shown in the same order. In the Juice test, students were asked to compare the amount of juice each child (depicted in white) receives when equally dividing the contents of cups of juice (depicted in red) to children in each group, i.e., to judge whether the amount of juice each child in the right group receives is larger, the amount of juice each child in the left group receives is larger, or the amount of juice each child in both groups receives is equal. As in the Drops test, in the Juice test participants were asked to answer correctly and as rapidly as they could. Each trial was presented on the screen until the participant responded, "left group" by pressing the F-key, "right group" by pressing the J-key, or "equal" by pressing the space bar. Likewise, at the start of the Juice test, participants were presented with eight trials, different from the experimental ones, in order to familiarize them with the task and the experimental setting. Accuracy and reaction time were recorded for each response. Students who performed the Juice test as a first test later performed the Drops test. 
Data analysis
Results
Effect of mode of presentation in the first test
We will first present the results related to the comparison of the two modes of presentation in the first test. We compared students' performance in the tests focusing on the effect of congruity (congruent vs. incongruent, both are emphasized salience trials) and salience (emphasized vs. nonemphasized salience, both are congruent trials). Table 1 shows rate of success and RTC for the two modes of presentation, for the congruent and incongruent emphasized salience task conditions. Table 2 shows rate of success and RTC, for the two modes of presentation, for the emphasized and nonemphasized salience congruent task conditions. Analysis of success rate revealed statistically significant main effect of salience (F = 92.14, df = 47, p < .001, partial eta squared = 0.662). The success rate was higher in emphasized congruent trials than in nonemphasized congruent ones. In addition, a statistically significant interaction of mode of presentation x salience (F = 4.44, df = 47, p = .040, partial eta squared = 0.086) was found. In the nonemphasized congruent condition a higher success rate was found for the Juice test than for the Drops test (56 % vs. 39 %), while in the emphasized congruent condition no difference was observed (87 % vs. 88 %).
Analysis of RTC included 20 participants in the Drops test and 24 participants in the Juice test. This analysis revealed that the effect of mode of presentation reached a significance level of p = .075 (F = 3.33, df = 42, partial eta squared = 0.074).
The analysis revealed a statistically significant main effect of salience (F = 22.80, df = 42, p < .001, partial eta squared = 0.352). This analysis revealed that RTC in nonemphasized congruent trials was longer than that for emphasized congruent ones (6319 milliseconds vs. 3424 milliseconds). Overall, the above findings clearly indicate, as expected, that in both tests, congruity and salience affect student responses for both accuracy and RTC.
Drops test: Effect of previous mode of presentation on accuracy of responses and RTC
In this section we describe the accuracy and RTC of the Drops test administered as a first test to one group of students, and as a second test, administered after the Juice test, to a second group of students. The findings for congruent and incongruent emphasized salience trials are depicted in Table 3 . Analysis revealed statistically significant main effects of previous mode of presentation (F = 8.29 , df = 47, p = .006, partial eta squared = 0.150) and congruity (F = 98.85, df = 47, p < .001, partial eta squared = 0.678). Success rate in the Drops test when following the Juice test was higher than that of Drops test as a first test (70 % vs. 56 %, respectively) and is significantly higher in congruent than in incongruent trials (87 % vs. 39 %, respectively). A statistically significant interaction of previous mode of presentation x congruity (F = 7.72, df = 47, p = .008, partial eta squared = 0.141) was found. The improvement in success rate was only evident in incongruent trials (from 25 % to 52 %).
Analysis of RTC included 14 participants in the Drops test as a first test and 24 participants in the drops test as a second test. This analysis revealed no statistically significant effects related to previous presentation mode; only main effect of congruity was observed (F = 31.58, df = 36, p < .001, partial eta squared = 0.467). RTC for incongruent trials was longer than that for congruent ones (4365 milliseconds vs. 2804 milliseconds).
The findings for emphasized and nonemphasized salience congruent trials of the Drops test administered as a first test to one group of students, and as a second test, administered after the Juice test, to a second group of students are depicted in Table 4 . Analysis revealed statistically significant main effects of previous mode of presentation (F = 9.09, df = 47, p = .004, partial eta squared = 0.162) and salience (F = 69.01, df = 47, p < .001, partial eta squared = 0.595). Success rate in the Drops test when following the Juice test was higher than that in the Drops test as a first test (77 % vs. 63 %, respectively) and was significantly higher in emphasized than in nonemphasized congruent trials (87 % vs. 53 %, respectively). A statistically significant interaction of previous mode of presentation x salience (F = 12.55, df = 47, p = .001, partial eta squared = 0.211) was found. The improvement in success rate was only evident in nonemphasized congruent trials (from 39 % to 68 %).
Analysis of RTC included 20 participants in the Drops test as a first test and 25 participants in the Drops test as a second test. This analysis revealed statistically significant main effect of salience (F = 53.78, df = 43, p < .001, partial eta squared = 0.556). RTC for nonemphasized trials was longer than that for emphasized congruent ones (4812 milliseconds vs. 2720 milliseconds). In addition, a statistically significant interaction of previous mode of presentation x salience (F = 5.80, df = 43, p = .020, partial eta squared = 0.119) was found. RTC in nonemphasized trials was reduced from first to second test (5489 milliseconds vs. 4135 milliseconds), while no difference was observed for emphasized ones (2710 milliseconds vs. 2731 milliseconds).
Juice test: Effect of previous mode of presentation on accuracy of responses and RTC
In this section we describe the accuracy and RTC for the Juice test administered as a first test to one group of students, and as a second test, administered after the Drops test, to a second group of students. The findings for congruent and incongruent emphasized salience trials are depicted in Table 5 . The findings for emphasized and nonemphasized salience congruent trials of the Juice test administered as a first test to one group of students, and as a second test, administered after the Drops test, to a second group of students are depicted in Table 6 . 
Discussion
The current study is based on the problem-solving framework of executive function, specifically on the first step of constructing a problem space (Zelazo et al., 1997) . The problem space is the representation of the problem and its possible solutions. Therefore, a different problem space could be constructed when presenting a problem in a different mode. Choosing a specific mode of presentation may lead to construction of a different problem space that might suggest appropriate solution strategies and thus help solvers in overcoming difficulties. Our study illustrates how executive functions are involved in problem solving related to proportional reasoning.
Proportional reasoning, an important skill in school and in daily life, is known to be difficult for schoolchildren and adults (e.g., Karplus et al., 1983) . We focused here on a comparison of ratios task known to be difficult for many students due to the interference of the automatic comparison of the salient natural numbers that comprise the ratios. Such interference was previously reported based on behavioral and fMRI brainimaging studies (e.g., Ischebeck et al., 2009; Kallai & Tzelgov, 2009; Meert et al., 2009; Stavy et al., 2016) . Based on the problem-solving framework of executive functions we expected that using two different presentations of the comparison of ratios task would lead to different solution strategies. We designed two nonsymbolically equivalent comparison of ratios tasks that were visually very similar, the Drops test and the Juice test. The Juice test (Figure 2A ), in comparison to the Drops test ( Figure 2B ), was aimed at creating a problem space that directed students to calculate "rate per unit," thereby reducing the interference of the automatic comparison of the salient natural numbers.
We studied here whether the Juice test would yield a higher success rate than would the Drops test among tenth graders. We also explored whether performing the Juice test before the Drops test would improve students' success in the Drops test. Findings of the current study indicate that, indeed, success in the Juice test is higher than in the Drops test, for both incongruent emphasized salience and congruent nonemphasized salience trials. Moreover, success in these conditions in the Drops test is higher when performed after the Juice test. Below we discuss our findings related to the effect of mode of presentation in the first test and the effect of previous presentation mode.
Effect of mode of presentation in the first test
Previous studies in science and mathematics education have suggested that specific modes of presentation improve students' performance (e.g., Clement, 1993; Elia et al., 2007; Martin & Schwartz, 2014; Tirosh & Tsamir, 1996; Tsamir, 2003) . Findings of the current study clearly show that success rate in the Juice test is significantly higher than in the Drops test for trials in which interference caused by the automatic comparison of natural numbers is evident, i.e., incongruent emphasized trials and congruent nonemphasized ones. The Juice test probably leads to a problem space that directs students to apply more complex, time consuming, appropriate strategies, such as calculation of per unit ratios (i.e., dividing juice from cups among groups of children). In the Drops test, however, no hints to such strategies of calculating per unit ratios are given and students who rely on the salient numbers of drops tend to provide more incorrect responses. The findings suggest that the Juice test results in an overall longer RTC (for the salience effect, statistical significance level is p = .075), indicating that the solution strategies for the Juice test are more complex.
It should be noted that although performance is much higher in the Juice test, effects of both congruity and salience are still evident, indicating that intuitive interference continues to affect students' reasoning even when their performance is improved.
Effect of previous presentation mode
Success rate for the Juice test was higher than for the Drops test when each was presented as a first test. Comparing the Drops test before and after performing the Juice test indicated that students' success rate in the Drops test is higher after performing the Juice test, while students' success rate in the Juice test is not higher when performed after the Drops test.
These findings suggest that the problem space constructed in the Juice test is later used when performing the Drops test. This transfer probably stems from the visual similarity between the two tests. Further studies are needed in order to explore the importance of visual similarity for transfer of appropriate solution strategies.
Conclusions
The current study provides some practical implications for education. For example, educators could consider using modes of presentations that lead to problem spaces that would direct students to use appropriate solution strategies that will aid them in overcoming difficulties. Using modes or orders of presentation could serve as important tools for educators of science and mathematics and could lead to higher academic achievements of students in science and mathematics.
The positive effect of a previous presentation mode observed in the current study can be seen as "teaching by analogy." In teaching by analogy students are first presented with an "anchoring task" that elicits a correct response due to the way it is presented, thus supporting appropriate solution strategies. Later on, students are presented with a similar "target task" known to elicit incorrect responses. The anchoring task probably encourages appropriate solution strategies, and such a sequence of instruction is effective in helping students overcome difficulties (e.g., Babai et al., 2016; Clement, 1993; Stavy, 1991; Tsamir, 2003) . Further exploration through brain imaging of the brain correlates of such an intervention and studying long-term effects and possible behavioral effects in different populations (e.g., different ages, various mathematical competencies) would be beneficial.
